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ABSTRACT: Emotional working memory training is a new area of research. In this study, we review a series 

of recent works describing a range of emotional working memory interventions that go from training single 

affective working memory function to teaching emotion regulation strategies. Generally speaking, research 

to date has established that emotional working memory may be preserved in Alzheimer’s disease. However, 

much work remains to be done in clarifying what aspects of affective domain is preserved, and testing short- 

and long-term effects of the trainings as well as their generalization to everyday affective functioning. We 

conclude by offering suggestions about the development of emotional working memory training for 

Alzheimer’s patients. 
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Emotional Working Memory Training (EWMT) is an 

emerging area of research in Alzheimer’s disease (AD). 

Interest in this type of treatment is directly related to the 

data that show preserved emotional working memory 

(EWM) in AD. In fact, AD patients have been shown to 

be able to encode and retrieve valenced information in 

working memory (WM) as healthy older adults [1]. 

Although much work has been done to develop cognitive-

based interventions to treat WM deficits in AD patients, 

these studies only focused on the cognitive domain per sé. 

The current review, instead, presents an updated research 

literature on WM training with a focus on affective 

domain. We begin with a description of EWM and discuss 

its implications for affective rehabilitation in AD, define 

different affective domains in which WM may be 

involved, and review a series of interventions that may 

represent promising new avenues of AD treatment. The 

central issue is whether good affective WM functions may 
contribute to cognitive rehabilitative success in AD or 

vice-versa.  

Emotional Working Memory 

 

EWM refers to short-term memory functions that are 

involved in encoding, maintaining, manipulating and 

retrieving affective information; it can also be defined as 

the ability to identify, understand and regulate emotions 

[2]. It subsumes both the identification of emotions (also 

called affect or emotion recognition), which is often 

included among more “passive” or “more automatic” WM 

functions as well as how emotional information is 

manipulated and used (“active” or “more controlled” 

functions). Research findings on the relationship between 

WM and emotions are new with many studies reporting 

significant relationships. For example, a series of studies 

[3] has shown how individuals with higher WM capacity 

are better at suppressing emotional facial expressions and 

are more successful at adopting an unemotional attitude 

while viewing emotionally charged stimuli. The ability to 
manipulate valenced information in WM is thus a critical 

component of emotion regulation processes. For example, 
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negative and positive stimuli elaboration may be 

attenuated or amplified such that it may increase/decrease 

peoples’s vulnerability to mood disorders [4]. The 

relationship between WM and neurocorrelates of emotion 

is also becoming a central issue in the emotion and aging 

literature [5]. Numerous works have found an interaction 

between amygdala and orbitofrontal cortex which plays a 

crucial role in attributing emotional qualities to stimuli. 

This information is subsequently maintained and 

manipulated in the dorsolateral prefrontal cortex (PFC) 

[6]. Given the well-established role of dorsolateral PFC in 

WM functions [7], it is likely that emotional events 

capture a greater amount of WM resources that may be 

less sensitive to pathological aging. 

In a recent review, Mammarella and Fairfield [1] 

reported a series of studies on EWM and AD showing that 

while some WM functions are still efficient when 

emotional information is involved, some others are 

impaired. For example, in terms of maintenance function, 

negative emotions seem to be maintained in WM and 

remembered better by AD patients compared to positive 

and neutral ones. Differently, studies on binding and 

inhibition are less clear. These data on single WM 

functions point to a complex pattern of emotion-cognition 

interaction in AD. On one hand, in fact, the evidence is 

consistent with the idea that emotional information has a 

preferential access to WM even in AD. This preferential 

access means having more opportunities for WM to 

process emotional information. This assumption is based 

on the idea that the emotion effect in WM is linked to 

more automatic and early attentional responses (e.g., fast 

detection of emotional stimuli). On the other hand, it also 

highlights that processing of emotional information in 

WM may fail due to the fact that additional control is 

required in order to orient attention to this aspect and 

prevent distraction as in the case of binding and inhibition 

functions.  

In terms of emotion regulation strategies, the few 

available data also point to the idea that the difficulty to 

amplify emotion might reflect decreasing controlled 

processes in AD, while relatively intact suppression of 

emotion could reflect a greater reliance on automatic 

mechanisms.  

In the next sections, we discuss literature on EWMT 

following this distinction, that is, with an emphasis on 

more passive (automatic) vs. more active (controlled) 

affective WM functions. However, to forecast our 

conclusions, while a number of passive treatments have 

been developed to include a single affective component, 

there is a considerable much work to do in terms of more 

active EWM training that may specifically target the 
affective domain in AD. 

 

 

Emotional Working memory training (EWMT) 

 

While EWMT can be recognized as a distinct type of WM 

intervention, it shares components of classical cognitive 

WM training. Both cognitive and affective treatments aim 

to reduce information processing deficits in different 

domains. Classical WM trainings differ from EWM 

treatments in that they focus uniquely on WM functions 

such as capacity, inhibition, retrieval, etc. of neutral 

material, while EWMTs focus on targeting WM deficits 

in how affective information is processed (e.g. how 

valenced information is processed, how mood states or 

emotions arise and may be regulated in WM). The main 

theoretical assumption behind the development of 

EWMTs is that they should address a broad range of 

affective impairments such as mood disorders or 

emotional regulation difficulties, rather than focusing on 

a single affective function. In fact, behind the 

conceptualization of EWM there is the clear assumption 

that this memory component is involved in many complex 

emotional abilities such as mood and emotion regulation.  

 

Passive EWMT 

 

In terms of emotion recognition, AD patients have been 

shown to be impaired in emotion decoding abilities. 

Although the role of confounding variables is still a major 

issue in these studies, in a recent meta-analysis [8], it has 

been shown that this deficit does not depend on the 

severity of disease, general cognitive abilities and 

recognition of non-emotional face features [9], pointing to 

an emotional selective deficit in AD.  

In terms of brain circuit involved, a recent study [10] 

found reduced activations in left regions associated with 

the motor simulation system (the ventral premotor cortex) 

and in left regions associated with emotional simulation-

empathy (the anterior insula and adjacent frontal 

operculum) when passively viewing a series of emotional 

faces. This specific deficit in emotion encoding processes 

can be viewed as a marker of AD. Consequently, emotion 

recognition processes can be trained to delay the 

progression of AD pathology. In a typical emotion 

recognition training paradigm, patients are presented with 

a series of emotional faces, asked questions relating to the 

emotional content of each face, and offered several 

answer choices. If a response is correct, they move on to 

the next trial, and if the response is incorrect the patient is 

administered the same trial until the correct answer is 

chosen. Several concerns have been raised about the 

efficacy of emotion recognition training in AD. In fact, 

the use of verbal modality may interfere with the efficacy 
of the treatment. Recently, Wadlinger & Isaacowitz [11] 

reviewed a series of affective attentional training 

paradigms that indirectly called on the role of WM in 
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emotion regulation. In particular, the authors claim that 

specific attentional mechanisms may be used to regulate 

emotions: distraction, concentration and rumination. 

Distraction means shifting attention from one affective 

content to another, concentration refers to focus attention 

on a specific affective content, rumination means 

rehearsing that content over and over. These mechanisms 

fall within the definition of attentional deployment 

strategies and may be also viewed as a series of passive 

vs. active attentional WM processes. The basic idea is that 

these functions can be trained in order to affect the content 

of EWM. Different training procedures have been 

developed accordingly. For example, in gaze patterns and 

visual probe training, participant are invited to reorient 

their attention towards certain affective stimuli. The main 

procedure consists in a repeated exposure to affective 

stimuli (e.g., positive pictures) on a computer display 

and/or repeatedly searching for that affective stimulus. 

These types of training fall under the category of 

distraction and may be considered as promoting automatic 

shifting of attention from negative to positive content. 

Given that these trainings do not require a greater amount 

of controlled processes may have an immediate 

instrumental value when working with AD patients. The 

immediate implication may be that they may work in the 

service of orienting and maintaining patients’ mood in the 

positive affective domain. 

 

Active EWMT 

 

In contrast to the single function-based interventions that 

tackle a specific EWM function as described above, 

several broad-based interventions have also been 

developed. For instance, in the Emotion Management 

Training [12], patients are trained to accurately perceive, 

interpret, and manage emotional stimuli. It begins with 

training emotion perception, and in latter phases focuses 

on teaching coping strategies for regulating emotions. 

More recently, Schweizer and colleagues [13] developed 

the first EWMT protocol. Their training uses a EWM dual 

n-back task consisting of a series of faces presented on a 

4 x 4 grid on a monitor and a simultaneous word over 

headphones. Each picture-word pair is followed by a 2500 

ms interval during which participants respond via button 

press if either/both stimuli from the pair matched the 

corresponding stimuli presented n positions back. The 20 

daily 20–30 min (depending on level of n-back achieved) 

training sessions consist of 20 blocks of 20_n trials. This 

training relies on the completion of a n-back task which 

involves a series of WM function such as encoding, 

storage, rehearsal, matching (of current to stored), 
temporal ordering, inhibition of currently irrelevant items 

and response execution that make it a particularly well 

suited method for manipulating mnemonic and attentional 

demands and, consequently, for studying the interaction 

between cognition and emotion.  

As outlined before, Wadlinger & Isaacowitz [11]’s 

review pointed to two more active attentional functions 

that can be trained in order to affect the content of EWM, 

that is, rumination and concentration. Although these 

training may be defined a single-function based, they 

should be always included in broad-based rehabilitation 

programs. In this case, in fact, clinical training and 

meditative training methods invite participants to stop 

ruminating on internal negative thoughts and engage their 

attention to external stimuli (e.g., a sound) or focus and 

sustain their attention on a specific object (e.g., aspect of 

a scene or body parts). Differently from distraction, these 

training techniques require more cognitive effort and 

time. Consequently, it is likely that the efficiency of the 

WM attentional system or central executive resources will 

influence their efficacy.  

 

May EWMT be a new way of treatment in AD? 

 

As stated before, active affective WM functions involve 

the ability to change our experience of and attention to 

emotional information. The study of these active 

functions often focuses on the use of regulation strategies 

such as reappraisal and suppression [14]. Reappraisal 

serves to change the emotional meaning and significance 

of an event or stimulus. For example, when viewing a 

negative picture, one could reappraise this picture in a 

more positive light. Suppression, instead, is a response-

focused strategy and thus occur after an emotional 

reaction has already occurred.  

If we accept the restricted definition of EWM 

treatments being those with a significant focus on these 

active affective WM functions, only a few interventions 

have been developed. Given that EWMT is described as 

one targeting active affective WM functions, any effects 

of the treatment on AD can only be speculated. Moreover, 

we are aware of no published trials evaluating this type of 

treatment with AD. It is also possible that function-based 

treatment that supplement training with other active 

interventions may show positive effects on EWM 

measures of AD. Studies included in this review are few 

and vary considerably, so it is hard to attribute differences 

in efficacy to any one factor involved in rehabilitation 

success. However we may expect, as for cognitive 

interventions, that the most extensive and generalizable 

effects with AD may be found for most intensive and 

massive affective treatments. At this stage of research, it 

is impossible to determine which of the numerous 
treatment components may led to favorable affective 

outcomes in AD. Most important, the major problem is 

that most approaches currently taken to remediate 
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complex affective functions rely much more heavily on 

cognitively demanding tasks. This type of approach may 

not be best for individuals with AD. Nevertheless, we 

believe that the development and testing of EWMT in AD 

may be a promising new way of AD treatment because it 

can provide a context to further evaluate the critical role 

of frontal and subcortical regions in regulating emotion 

and eventually confine emotional dysfunctions to severe 

stages. Accordingly, a series of potential avenues of 

remediation can be pursued.  

First, compensating for the deficit by structuring the 

training in a way that reduces cognitive load.  This may 

be done by adopting an adaptive procedure, beginning 

with the easiest level for each participant and presenting 

levels of increasing difficulty as participants’ 

performance improved. In addition, maintenance and 

processing requests of the task should systematically vary. 

This hybrid training procedure has been shown to keep the 

task always challenging favoring, in this way, transfer 

effects [15]. 

Second, preceding the EWMT with an intervention 

specifically aimed at improving WM per sé. Support for 

the foundational role of WM in successfully targeting 

these complex affective processes comes from studies 

[16] showing that executive functions are related to the 

ability to regulate emotion, especially in terms of planning 

and monitoring abilities. In particular, the authors found 

that verbal fluency was strongly related to emotion 

regulation. In addition, it has been shown that the ability 

to update emotional information in working memory is a 

crucial process modulating the efficacy of emotion 

regulation efforts [17]. These findings can be taken to 

support the idea that active WM functions needs to be 

considered in affective trials before engaging in more 

complex affective processes. This assumption is also 

supported by studies that showed that WM training 

improves emotion regulation [18].  

At this stage of research, it is thus reasonable to think 

that cognitive WM rehabilitation may be the first 

necessary but not sufficient step for EWMT success in 

AD. 

Third, working on implicit EWM. A recent series of 

studies begun to explore the concept of implicit WM, that 

is, the assumption that WM can also operate 

unintentionally and outside of conscious awareness [19, 

20]. This idea is extremely fascinating especially in the 

context of AD treatments because numerous works have 

shown that implicit emotional processing is preserved in 

AD. In particular, previous studies reported relatively 

preserved implicit functions in AD using eye movements 

recording [21], in tasks that used very short retention 
intervals [22], in emotional priming paradigms [23] and 

implicit learning of facial expressions [24]. 

In addition, neuroimaging findings also point to the 

hypothesis that AD patients are still able to recruit a 

network of compensatory brain structures that are 

associated with implicit emotional mechanisms, in 

particular amygdala acvitation with no influence on 

hyppocampus [25]. Although explicit and implicit 

learning may be dissociable on both cognitive and neural 

dimensions (for example, the hyppocampus is 

predominantly associated to explicit learning), a growing 

number of studies have also highlighted how these two 

types of learning might interact in the learning process in 

terms of resource allocation and manipulation of 

information [26]. Thus, the development of EWMTs 

based on implicit learning may be a new way of 

stimulating affective processing in AD patients. It is likely 

that after intensive treatment of implicit emotional WM 

functions, AD patients may show benefits on high order 

affective processing abilities as well.  

Last, emotion regulation correlates of WM. Key 

emotion regulation processes have been shown to occur 

on the order of milliseconds and thus emerge very rapidly 

than can be detected via fMRI studies. Scalp-recorded 

event related potentials (ERPs) have excellent temporal 

resolution on the order of milliseconds, and thus are 

capable of capturing such rapid changes resulting from the 

use of cognitive emotion regulation strategies. ERPs can 

give us insight into the onset, duration, and interaction of 

cognitive processes associated with emotion processing. 

In AD patients, ERPs may be used to examine which 

aspects of emotion processing are impaired and which 

remain relatively intact compared to a control population 

before and after training. In addition, ERPs may inform us 

on the efficiency of our EWMT procedure. In particular, 

one ERP that is typically suited for examining emotion 

regulation strategies is the late positive potential (LPP). 

The LPP emerges around 200 to 300 ms following 

stimulus onset and tends to be maximal at centro-parietal 

recording sites [27]. The LPP reflects increased 

processing of and facilitated attention to emotional 

stimuli, such that LPP amplitudes are larger to emotional 

versus neutral stimuli like pictures, faces, and words [28]. 

Several studies have shown that LPP is reduced when 

adults are asked to reappraise an unpleasant stimulus in a 

more positive light compared to a negative appraisal [29] 

or when instructed to use cognitive strategies to decrease 

versus increase subjective emotional responses to 

emotional stimuli [30]. Most interesting, these changes in 

the LPP are independent of factors that might increase 

cognitive load, such as task difficulty [31]. We believe 

that this may be an extremely relevant new research area 

in the context of AD treatments’ development. 
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General Discussion 

 
This review highlights the work that needs to be done in 

the future in the field of EWMT. Research to date points 

out that several affective domains may be trained with 

AD, though much work still remains to be done in further 

refining these treatments, improving their effects on 

complex affective domains, and demonstrating both the 

durability of the training effects as well as their 

generalization to important affective functioning 

outcomes. The reviewed studies suggest that a) emotion 

recognition and attentional processes can be trained; b) 

there is less evidence for emotion regulation, though 

relatively few studies have focused on this domain. We 

can thus expect to improve the more simple emotional 

WM processes like emotion recognition [32, 33], but we 

may have limited success remediating more complex 

affective functions in AD [34]. Undoubtedly part of the 

reason for this is that fewer treatments for these active 

affective processes have been developed and evaluated. 

What is clearly needed, similar to what has been 

developed for WM trials targeting cognition, is a an effort 

to properly evaluate existing measures, develop new ones 

as needed, and create a standardized, repeatable battery 

that can be used in affective interventions with older 

adults. The majority of studies reviewed here either 

developed measures specifically for the study, or used 

measures that had not been adequately evaluated for their 

psychometric properties and sensitivity to age. 

Furthermore, there is little data on the potential 

contribution of other variables that differ between 

individuals, such as motivational factors A more 

comprehensive understanding of individual factors (e.g., 

motivation) that may predict EWM treatment response 

will allow us to better match treatments to AD patients 

most likely to respond, as well as direct our efforts at 

developing and refining treatments for those patients who 

do not benefit from currently available interventions [35, 

36]. Finally, it would be also relevant to refer to different 

psychophysiological methods and neuroimaging 

techniques in measuring affective outcomes. For example, 

facial expressive behavior and heart rate may shed light 

on the potential mechanisms of change associated with 

effective interventions in AD.  
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